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EXTENDING SECURE DIGITAL INPUT
OUTPUT CAPABILITY ON A CONTROLLER
BUS

BACKGROUND

The prevalence of computing devices 1s ever increasing.
For example, users may use a wide range of devices, such as
desktop personal computers, laptop computers, personal
digital assistants (PDAs), wireless phones, game consoles,
and so on. Further, new technology 1s continually being
developed which allows these devices to be expanded such as
with increased memory and/or added capabilities such as
wireless interfaces, digital cameras, global positioning satel-
lite (GPS) devices and so forth. For istance, a user may use
one or more expansion slots of a device and/or expansion
cards to add to the capability of a device.

At the same time, the demand for increasingly compact
mobile devices 1s also increasing. However, the ability of
computing devices and 1n particular compact devices to be
expanded to provide emerging functionality may be hindered
by the size of the device, the number of supported expansion
cards, and/or the interactions of simultaneously connected
expansion cards.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s anillustration of an exemplary implementation of
environment in which host controller circuits operable to
simultaneously connect a plurality of expansion cards may be
employed.

FIG. 2 1s 1llustration depicting a system 1n an exemplary
implementation that shows the host device and controller of
FIG. 1 1n greater detail.

FIGS. 3a-3b depict an exemplary implementation of host
controller circuit configured to simultaneously connect and
switch between at least a memory card and an input/output
device.

FIG. 4 1s another exemplary implementation of a host
controller circuit configured to simultaneously connect and
switch between a plurality of expansion cards including two
or more mput/output devices.

FIG. 5 1s a an exemplary implementation of an exemplary
procedure 1 which a host controller circuit in accordance
with one or more embodiments 1s used to switch between a
plurality of cards.

FI1G. 6 depicts a system 1n which 1s operable to employ host
controller circuits 1n accordance with one or more described
embodiments.

The same reference numbers are utilized in 1nstances 1n the
discussion to reference like structures and components.

DETAILED DESCRIPTION

In the following discussion, exemplary devices and tech-
niques are described which may be employed to simulta-
neously connect a plurality of expansion cards (e.g., memory
and mput/output devices) to a host device via a single bus of
a host controller. In particular, inventive circuits and proce-
dures are described which are operable to simultaneously
connect a host device to and switch between a plurality of
secure digital (SD) cards including both SD memory and/or
secure digital mput output (SDIO) devices. SD cards, SD
memory and SDIO devices may be configured 1n accordance
with one or more technical and specification standards estab-
lished by the SD Card Association (SDA). In one or more

described embodiments, an iterrupt 1solation portion 1s pro-
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2

vided to prevent mterrupt signals employed with the SDIO
devices from polluting transiers occurring via an active (se-
lected) SD card. A variety of suitable techniques may be
utilized to 1solate the interrupt signal of SDIO devices
examples of which are provided below.

Exemplary Environment

FIG. 1 depicts an exemplary implementation of an envi-
ronment 100 1n which the described circuits and techniques
may be employed. A host device 102 1s depicted which 1s
operably coupled to a host controller 104. While host control-
ler 104 1s depicted separately from the host device 102 1t 1s
contemplated that the host controller 104 may be 1mple-
mented internal or external to the host device 102, may be
integrated with the host device 102, and so forth. A variety of
host devices 102 are contemplated including computing
devices such as a general purpose computing devices, hand-
held devices, personal digital assistants (PDA), mobile
phone, multimedia devices, game consoles, as well as a vari-
ety of other devices including but not limited to printers, fax
machines, digital cameras, digital video recorders, televi-
sions, monitors, and so forth.

Host controller 104 represents functionality to provide the
host device 102 with an interface to and operable control of a
plurality of expansion cards. In an implementation, a host
controller 104 1s configured to provide an interface to at least
a plurality of secure digital (SD) cards which may include one
or more SD memory cards 106(7) and one or more SDIO
devices 108(m) where “n” and “m” may be any integer. Host
controller 104 1s depicted as including one or more circuits
110 which provide connection of the cards to the controller
104. For example, circuits 110 may correspond to a plurality
of slots and/or connectors configured to receive expansion
cards (for example, a plurality of SD cards). A switching
control module 112 1s illustrated which represents function-
ality operable to switch between operation of connected
cards, e.g., to select and deselect cards.

Host device 102 1s further depicted as including a manager
module 114 which may be configured to manage a variety of
expansion devices of the host device 102, including those
associated with the host controller 104. Manager module 114
may encompass logic, devices, software (drivers), hardware,
and combinations thereof to manage a plurality of peripheral
and expansion devices, mteractions between the host device
102 and a host controller 104 (as well as other controllers),
and accordingly to provide access to the associated expansion
devices, such as connected SD cards.

FIG. 1 further depicts a variety of applications 116 execut-
able on a host device 106 to provide a variety of functionality
including interactions with connected SD cards and associ-
ated data via the host controller 104. Applications 116 may be
configured to provide a variety of functionality to a host
device 102 including such as office productivity (word pro-
cessing, spreadsheets, presentations); multimedia (e.g.,
photo, video, audio, editing and management); communica-
tions (e.g., email, mstant messaging, text messaging and the
like), internet content (e.g., a browser); card management;
and so on. Thus, manager module 114 may provide function-
ality for applications 116 executing on a host device 102 to
interact with SD memory 106(72) and SDIO devices 108()
connected via host controller 104 and associated data.

FIG. 2 depicts an exemplary implementation of a system
200 showing the host controller 104 and host device 102 of
FIG. 1 in greater detail. In FIG. 2, the host controller 104 1s
illustrated as integrated with the host device 102, e.g., an
internal host controller 104. Embodiments of an external host
controller 104 are also contemplated, such as associated with
an external card reader device. The host device 102 1s further
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depicted as mcluding a microcontroller unit (MCU) 202,
which may integrate a variety ol computing functionality for
the host device 102, such as on a common chip or circuit
board. Thus, microcontroller unit 202 represents an inte-
grated circuit which may integrate a central processing unit
(CPU), input/output (I/O) interfaces, memory, and so forth.
This mtegration may reduce the amount of wiring and space
compared to a typical arrangement of a general purpose com-
puting device which employs a variety of separate chips.
Likewise, the host controller 104 may be an integrated circuit
which incorporates a processor, input/output (1/0) interfaces,
memory, and so forth.

The microcontroller 202, and host controller 104 may be
configured 1n a variety of ways, and thus, are not limited by
the materials from which they may be formed or the process-
ing mechanisms employed therein. For example, the control-
lers may be comprised of semiconductor(s) and/or transistors
(e.g., electronic integrated circuits (ICs)), and so on. Each
may also include respective memory which may be config-
ured as “main memory” of the host device, dynamic random
access memory (DRAM), persistent storage (e.g., a hard disk
drive), removable computer-readable media (e.g., a digital
video disc (DVD)), as well as other types of memory and
computer readable media. A variety of other implementations
are also contemplated.

In an implementation, the host controller 104 may also be
integrated within the MCU 202, such as integrated on a single
chip or board. The host controller 104 may operate directly
with components of the MCU 202 for example directly inter-
acting with a processor and memory integrated with the MCU
202 and thus, the host controller 104 may or may not be
implemented with a separate processor and memory. The host
controller 1s depicted as incorporating a secure digital (SD)
controller 204 module which provide functionality for the
operation and management of secure digital cards including
SD memory 106(m) and SDIO devices 108(#»). Secure digital
(SD) controller 204 module may be provided as an integrated
portion of host controller 104 or as a separate controller for
SD cards.

The system bus 206 (e.g., host bus) communicatively
couples (e.g. interconnects) the components of system 200.
For instance the system bus 206 may couple the MCU 202 to
the host controller 104. The system bus 206 may also inter-
connect a variety of other components (not shown) such as a
display, input devices, speakers and so forth. The controller
bus 208 provides an interface to the cards controlled via the
host controller 104, such that the host device 102 may interact
with the controller 104 to access a plurality of associated SD
cards. In an implementation, a single controller bus 208
simultaneously connects a plurality of SD cards to the host
controller 104 via one or more circuits 110.

In the illustrated implementation of system 200, host con-
troller 104 includes circuits 110 configured to connect three
SD cards including an SD memory 106(1), and two SDIO
devices 108(1), 108(2). For instance, the circuits 110 may
correspond to three card slots each configured to receive one
or more types of expansion card including SD cards. A variety
of other arrangements are also contemplated, including a
tewer or greater number of cards/slots, multi-card slots which
are operable with multiple card types (e.g., SD, Compact
Flash (CF), etc.), slots operable with both an SD memory 106
and SDIO device 108, and so forth.

Circuits 110 may also be configured to switch between the
plurality of SD cards (e.g., to select and deselect cards). As
previously described, the switching control module 112 rep-
resents functionality that 1s operable to switch the circuits
110, which may be implemented in a variety of ways. For
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instance, switching control module 112 1s depicted as execut-
ing on via host controller 104 to provide access to different
SD cards at different times though switching of circuits 110.
Alternatively, switching control module 112 may be imple-
mented as a sub-module of the manager module 114 which
may be executed via the microcontroller 202.

A variety of applications 116 are depicted as being pro-
vided by the microcontroller to interact with SD Cards con-
nected to the host device 102 via the host controller 104, such
as to access data, store data and so forth. For instance, a photo
viewer application may receive photo data from SD memory
card 106(1) such as to display a photo slide show. In another
example, a browser application may receive data suflicient to
render web pages from an SDIO device 108(1) configured as
a wireless network interface card. A variety of SD memory
106(72) and SDIO devices 108() are contemplated, including
but not limited to memory cards of varied capacity, network
interface cards, wireless interface cards, modems, global
positioning satellite, television tuners, speakers, printers,
camera, scanner, voice recorder, projectors, and combina-
tions thereotf. Thus, applications 116 may be configured 1n a

variety of ways to provide interactions with one or more
associated cards.

Circuits 110 are further depicted as including a multiplex
210 portion such that multiple cards may be connected to a
single bus 208 of the host controller. Further, FIG. 2 depicts an
interrupt 1solation 212 portion which 1s configured to prevent
interrupt signals of multiplexed SDIO devices (or other inter-
rupt signals of deselected devices) from corrupting opera-
tions of a selected card. Thus, circuits 110 and corresponding
devices may be configured to use an interrupt isolation 212
portion to selectively 1solate interrupt signals of SDIO
devices mserted into one or more respective slots associated
with circuits 110 and/or devices. Exemplary circuits and tech-
niques 1llustrating the multiplex 210 and nterrupt 1solation
212 portions 1n greater detail may be found in relation to the

following discussion of FIGS. 3-6.

Generally, any of the functions described herein can be
implemented using software, firmware, hardware (e.g., fixed
logic circuitry), manual processing, or a combination of these
implementations. The terms “module,” “functionality,” and
“logic” as used herein generally represent software, firm-
ware, hardware or a combination thereof. In the case of a
soltware implementation, the module, functionality, or logic
represents program code that performs specified tasks when
executed on a processor (e.g., CPU or CPUs such as the
microcontroller 202, or host controller 104 of FIG. 2). The
program code can be stored 1n one or more computer readable
memory devices, e.g., memories which may be integrated
with controllers 202, 104. The features of the techniques to
provide circuits with iterrupt 1solation described below are
platform-independent, meaning that the techniques may be
implemented on a variety of commercial computing plat-
forms having a variety of processors.

Exemplary Circuits

FIGS. 3a and 35 depict an exemplary implementation 300
of circuits 110 of a host controller operable to connect to and
switch between a plurality of SD cards. The host controller
104 of FIGS. 3q and 3b1s depicted as implemented internally
within a host device 102. Alternatively, an external host con-
troller 104 may be used. The circuits 110 1s 1llustrated as
simultaneously connectable to one SD memory 106(1) and to
one SDIO device 108(1) which may therefore be enabled
together via a single bus 208. Thus, the circuits 110 may for
example correspond to a SD card interface having two card
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connections or slots. FIG. 3a depicts the SD memory card
106(1) as selected and the SDIO device 108(1) as deselected,
and vice versa 1n FIG. 3b.

It 1s noted that the 1llustration depicts a four bit SD mode,
¢.g., having four data signals for the circuits 110, cards 106,
108, controller 104 and so forth. Those skilled 1n the art will
appreciated that four bit SD cards typically have nine pins
and/or signal lines. For mstance, the host controller 104 and
circuits 110 as depicted 1n FIG. 3a include signal lines asso-

ciate with a clock (CLK) 302 signal, four data signals 304(1)-
304(4) (e.g., DATO0, DAT1, DAT2, DAT3) and a command
(CMD) 306 signal. Additional signals for power (typically 2
lines) and grounding are omitted for clarity. DAT0 304(1),
DAT?2 304(3), DAT3 304(4) and CMD 306 are wired in com-
mon to both cards 106(1), 108(1). CLK 302 1s routed through
a multiplex 210 portion. DATA 1 304(2) 1s routed through an
interrupt 1solation 212 portion. Signal lines from the host
controller 104 are generally connected to corresponding data
pins of respective cards, e.g. CMD to CMD, DAT1 to DAT1,
and so forth. Those skilled 1n the art will appreciate that the
techniques described herein are equally applicable to a one bit
mode which 1s substantially the same except that two data
lines, such as DAT2 304(3) and DAT3 304(4) are deactivated,
disconnected, omitted, or otherwise not used.

In reference to the implementation 300 of FIGS. 3q and 35
below, various switches are described as a tangible example
of an arrangement for the circuits 110 1n accordance with the
principles described herein. Those skilled i the art waill
appreciate that a variety of suitable arrangements of switches
and/or other devices operable to multiplex and 1solate signals
may be employed 1n the alternative or 1n addition to those
depicted without departing from the spirit and scope thereof.
In general, a plurality of SD cards may be connected to a host
device 102 via a single bus 208 utilizing circuits 110 having a
multiplex 210 portion and/or an interrupt 1solation 212 por-
tion which each may be configured 1n a variety of ways. Thus,
the multiplex portion 210 and interrupt 1solation 212 portion
represent functionality respectively to form the interconnec-
tions and selection of each card and to 1solate interrupt signals
of one or more deselected cards (e.g., SDIO 108 devices)
from a selected card, and are not intended to be limited by the
particular arrangements or devices depicted.

As 1llustrated 1n FI1G. 3a multiplex 210 portion includes at
least one switch 308 which 1s operable to alternately between
SD memory and SD device. A multiplex arrangement 1s
shown 1 which the clock signal 302 1s multiplexed. Those
skilled 1n the art will appreciate that a variety of multiplex
techniques to connect a plurality of SD cards (e.g., interfaces
or slot for cards) to a single bus 208 may be employed, some
examples of which include multiplexing of the clock pins as
illustrated, multiplexing of the command (CMD) pin and
multiplexing of both the command and data lines. While
clock multiplexing 1s depicted herein, 1t 1s contemplated that
the described techniques may be employed with any suitable
multiplexing arrangement.

Interrupt 1solation 212 portion includes at least one switch
310 which1s operable to switch the connection of the data line
corresponding to the data signal on which SDIO device inter-
rupt signals are carried between SD memory 106(1) and
SDIO device 108(1). Typically, SDIO devices 108 employ
interrupts to alert the host device 102 and/or controller 104 to
attend to the SDIO device 108, such as when data 1s ready to
transferred, an event occurs, an error occurs and so forth. In
traditional arrangements the DAT1 signal 1s used for these
interrupts of SDIO devices 108. Thus, the switch 310 1s oper-
able to connect the DAT1 304(2) pin of the host controller 104
to either memory 106(1) or SDIO device 108(1).
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When multiple cards are wired via a single bus 208 of a host
controller 104, the interrupt of a deselected card may intertere
or corrupt the activity and/or data transfer of a selected card,
such as corrupting a read write to a selected memory card. If
the interrupt 1s not monitored (such as by disconnecting
entirely), then the host may not be able to attend to the SDIO
card when an interrupt occurs. Thus, the traditional arrange-
ment may fail when SD memory 106 1s used with SDIO
devices 108 or when multiple SDIO devices 108 are used with
a single bus 208. Individual busses for each card may be used,
however, this may unfavorably increase the amount of wiring,
the space, and the cost for a host controller.

Accordingly, another switch 312(1) 1s introduced which 1s
operable to 1solate the interrupt signal of the SDIO device
108(1) when 1t 1s deselected. In an implementation, the inter-
rupt may be routed by switch 312(1) via a general purpose
mput output (GPIOx) 314(1) pin associated with the host
device 102. GPIOx 314(1) may be an existing pin/signal line
of a host device 102, or microcontroller 202 which may be
enlisted for the described interrupt 1solation techniques.
GPIO pins are a convenient choice for the interrupt 1solation
since the pins already exist and are suitable for monitoring for
interrupts. Thus, using existing GPIO pins may simplify the
design of a host controller 104 and/or associated circuits 110.
Alternatively, a dedicated signal line designed specifically for
the interrupt isolation and incorporated with a host device
102, a microcontroller 202 or even directly with the host
controller 104 may be employed. Commands represented by
lines 316(1) and 316(2) such as from the switching control
module 112 may be communicated to cause operation of the
multiplex 210 and interrupt 1solation 212 portions respec-

tively, such as to switch the circuits 110 between the configu-
rations of FIGS. 34 and 3b.

In FIG. 3a the SD memory card 106(1) 1s selected. Thus,
switch 308 of multiplex portion 210 is positioned such that
the clock signal 302 1s routed between the host 102 and the SD
memory card 106(1). Further, 1in the iterrupt 1solation 212
portion, switch 310 1s positioned such that DAT1 304(2) 1s
routed between the host 102 and the SD memory card 106(1).
Switch 312(1) 1s positioned such that the corresponding
DAT1 signal of SDIO device 108(1) (which 1s also used for
interrupts) 1s routed to GPIOx 314(1) of the host device. Thus,
the mterrupt of the deselected SDIO device 108(1) 1s 1solated
and may be monitored via the GPIOx 314(1), such as via
manager module 114, switching control module 112, or other
suitable monitoring.

Referring now to FIG. 3b, the circuits 110 are set to select
the SDIO device 108(1). Thus, switch 308 1s positioned to
route the clock 302 signal between the host device 102 and the
SDIO device 108(1), and switches 310 and 312(1) are posi-
tioned to connect the DAT1 304(2) signal between the host
device 102 and SDIO device 108(1). Thus, the interrupt of the
SDIO device 108(1) when selected may be monitored via the
DAT1 304(2) pin of the host controller 104.

As 1llustrated 1n FIG. 35, the DAT1 line corresponding to
the memory card 106(1) 1s not connected to the host 102 or
controller 104 when the memory card 1s deselected. Those
skilled 1n the art will appreciate that SD memory typically
does not use mterrupts, thus 1n addition to a slot configured to
1solate an interrupt of an SDIO device 108(1), a device may
include dedicated SD memory slots which disconnect the
DAT1 signal rather than 1solate the line when the correspond-
ing card 1s disconnected. In an implementation, each card slot

may be configured to interchangeably accept SDIO devices
108 and SD memory 106. Thus, the memory card 106(1) 1n
FIG. 35 could be replaced with another SDIO device 108(m).

To handle the interrupts in this implementation, circuits 110
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may be configured to 1solate a signal corresponding to DAT1
pin 304(2) for each card slot when the slot and associated card
are deselected. The type of card used 1n a slot may be detected
and when SD memory 106 1s used 1n an SDIO capable slot
(e.g., aslotcapable of 1solating interrupts when the associated
card 1s deselected), the corresponding 1solation device (e.g.,
switch 312(1) here) may be deactivated. Alternatively, to
simplily the circuits 110 and operation of interrupt 1solation
212, the mterrupt 1solation (e.g., connecting a DAT1 line to
GPIOx 314(1)) may occur for each SD card used 1n a sloteven
though some cards (memory) may not employ interrupts.
Naturally, when multiple SDIO capable slots are employed,
multiple GPIO pins corresponding to each SDIO capable slot

may also be employed, further discussion of which may be
tound in relation to FIG. 4.

FIG. 4 depicts an implementation 400 of circuits 110 in
which multiple SDIO devices 108 may be simultaneously
connected to a host device 102, such that the interrupt of each
deselected SDIO device 108 1s 1solated via the 1solation por-
tion 212. More particularly, the circuits 110 1n FIG. 4 corre-
spond to a secure digital SD card interface having at least
three card connections and/or slots. A variety of other
arrangements are contemplated 1n which a fewer or greater
number of connections for SD cards are provided. The host
controller 104 1n FIG. 4 1s implemented as an embedded
portion of a microcontroller 202.

FIG. 4 depicts circuits 110 configured such that the SD
memory card 106(1) 1s selected and the SDIO devices 108(1),
108(2) are deselected. The switch 308 1n this implementation
1s positionable to direct the clock signal 302 between each slot
and/or card, e.g., to alternately select between SD memory
106(1) and SDIO devices 108(1), 108(2). Similarly, switch
310 1s positionable to alternately route DAT1 304(2) of the
host controller 104 to SD memory 106(1) and SDIO devices
108(1),108(2). The interruptisolation 218 portion1s depicted
as having a pair of switches 312(1) and 312(2), operable to
1solate interrupt signals from respective SDIO devices 108
(1), 108(2). The switches 312(1) and 312(2) correspond
respectively to general purpose input output pins GPIOx 314
(1) and GPIOy 314(2) which are provide via the microcon-
troller 202. The switches 310, 312(1) and 312(2) may be
operated to selectively route the DAT1 304(2) signal line to
cach connected card 106(1), 108(1) and 108(2). In an imple-
mentation, the interface or card slot corresponding to the SD
memory card 106(1) 1n FIG. 4 may also be configured to
support an SDIO device 108(s2) and accordingly, when the
corresponding card 1s deselected, the slot may be connected
to one of the GPIO pins 314(1), 314(2) or to another GPIO pin
of the microcontroller 202. When the SDIO devices 108(1),
108(2) are not selected, the interrupt of the deselected SDIO
devices 108(1), 108(2) may be monitored (such as by man-
ager module 114) without the occurrence of an interrupt
corrupting or interfering with DAT1 304(2) signals between
the host device 102 and the selected card, e.g., the memory
card 106(1). Thus, multiple SDIO devices 108(#) may be
simultaneously connected to a host device 102 such that the
interrupt of each deselected SDIO device 108(m) 1s 1solated
via the 1solation portion 212.

Exemplary Procedures

The following discussion describes techmques that may be
implemented utilizing the previously described systems and
devices. Aspects of each of the procedures may be imple-
mented 1n hardware, firmware, or software, or a combination
thereol. The procedures are shown as a set of blocks that
specily operations performed by one or more devices and are
not necessarily limited to the orders shown for performing the
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8

operations by the respective blocks. In portions of the follow-
ing discussion, reference may be made to the systems and
devices of FIGS. 14.

FIG. 5 depicts a procedure in which the switching occurs
between a plurality SD cards simultaneously connected to a
host device via a single bus. In an implementation, the host
device includes at least one slot interconnected via the single
bus which 1s configured to connect an SDIO device and to
1solate associated iterrupt signals when the SDIO device 1s
deselected. Further, the switching may be performed based on
a comparison of the priority of the tasks between two SD
cards. The procedure may for example be employed to move
back and forth between the circuit configurations depicted in
FIGS. 3a and 35, as well as between different configurations
of other circuits, such as the circuit depicted in FI1G. 4. In other
words, the described procedure may be employed to select
between an SD memory card 106(1) and an SDIO device
108(1), between two memory cards 106(») and/or between
two SDIO cards 108(#) which are simultaneously connected
to a host controller 104 via a single bus 208.

A circuit 1s set to select one of a plurality of secure digital
cards simultaneously connected to a host device via a single
bus (block 502). For the purposes of example assume that a
host controller 104 has circuits 110 operable to connect at
least an SD memory card 106(1) and an SDIO device 108(1)
as depicted in FIG. 2. Naturally, one or more additional cards
may also be stmultaneously connected such as SDIO device
108(2) 1n FIG. 2. Further, assume that the SD memory card
106(1) holds digital images which a user of host device 102
may attempt to transfer, view and/or edit via an application
116 (e.g., photo management application) of the host device
102. Additionally, the SDIO device 108(1) may be configured
as a wireless internet networking card which may provide
data sufficient to render and/or display web pages to a com-
munication application 116 (browser) of the host device 102.
A variety of other examples are contemplated in which SD
memory card 106(1) and an SDIO device 108(1) may hold a
variety of data and/or provide a variety of functionality.

The host controller 104 as 1s shown 1n FIG. 2 may include
a single bus 208 which provides the connections to each of a
plurality of cards. The host controller 104 may further inter-
connect the controller bus 208 to a host bus or system bus 206,
such that the host device 102 and applications 116 may inter-
act with the connected cards. Switching control module 112
may be executed by the host controller 104 to set the position
of circuits 110, such as in response to an 1nitialization
sequence, a read or write (rw) command from the photo
management application 116 and so forth. Thus, host control-
ler 104 via the switching module 112 may set the configura-
tion of circuits 110 such that the memory card 106(1) 1s
selected and the SDIO device 108(1) 1s deselected as 1n FIG.
3a. In this setting, the photo management application 116
may read/write (r/w) to the card 106(1) to interact with the
digital image data. The DAT1 connection of the SDIO card
108(1) in this configuration of circuits 110 1s 1solated via
GPIOXx pin 314(1) of the host device 102. Thus, the r/w
actions (transfer of digital image data) between the host 102
and the memory card 106(1) will not be corrupted by inter-
rupts of the SDIO device 108(1), and the GPIOx pin 314(1)
may be monitored to detect an 1nterrupt signal of the SDIO
device 108(1), such as by the manager module 114.

An event associated with a deselected card 1s detected
which mitiates switching (block 504). For example, the
switching module 112 and/or manager module 114 may pro-
vide functionality to monitor for events associated with dese-
lected cards. A variety of events are contemplated which may
be configured to 1nitiate switching between a selected card
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and the deselected card including but not limited to interrupts
from SDIO devices, read/write commands from an applica-
tion 116 attempting to access a deselected memory card,
various card and/or application errors, and so forth. Gener-
ally, a detected event signals the host device 102 and/or con-
troller 104 to select the associated card 1n order to address a

problem, to transier data, or otherwise process the detected
event.

Continuing with the previous example, an interrupt may be
generated by the wireless networking card (SDIO 108(1))
when a wireless internet access point 1s discovered. The inter-
rupt 1s routed via the 1solated signal line including the GPIOx
pin 314(1) and may be detected by the manager module 114
of host device 104. Thus, the detected interrupt may 1nitiate
switching to the deselected card to configure a connection to
wireless internet access point. In other mstances, an attempt
by an application 116 to read or write (r/w) to a deselected
memory card 106 may be detected which 1nitiates switching,
to the memory card 106.

In response to the detected event, a determination 1s made
whether a task 1s 1n progress for the selected SD card (block
506). Continuing the previous example, when an interrupt
from the wireless networking card (SDIO 108(1)) 1s detected,
the switching control module 112 determines 1f data transier
or other processing 1s 1n progress for the selected memory
card 106(1), such as a transfer of a digital image between the

application 116 and the card 106(1).

When a task 1s not in progress, then the circuit 1s set to
select the deselected card (block 508). For instance, 1f the
selected memory card 106(1) 1s 1dle (no activity) when the
interrupt 1s detected, the switching control module 12 may
control circuits 110 to select the wireless networking card,
e.g., SDIO 108(1). In particular, control signals 316(1), 316
(2) may be communicated to the multiplex 210 and interrupt
1solation 212 portions to toggle the circuits 110 from the
configuration depicted in FIG. 3a (memory card 106(1)
selected) to the configuration depicted in FIG. 35 (SDIO
108(1) selected). Notably, the DAT1 connection previously
1solated via GPIOX pin 314(2) 1s now connected to the 304(2)
pin of the host controller. Thus, the signal on which interrupts
of a SDIO device 108(1) are communicated may alternately
be connected to the active signal path of host controller 104
when the SDIO device 108(1) 1s selected and 1solated via a in
interrupt isolation 212 portion when, the, SDIO device 108(1)
1s deselected. In implementations in which a plurality of
SDIO devices 108(m) are simultaneously connected to a host
controller 104, the interrupt signal of each of SDIO device
108(72) may similarly be connected to a pin of the host con-
troller 104 when the corresponding card is selected and 1so-
lated such as via a interrupt 1solation 212 portion when the
card 1s deselected.

When there 1s a task in progress, then priority-based
switching may occur. The priority of the deselected card task
1s compared to 1n progress task for the selected card to deter-
mine the highest prionty (block 510). For instance, switching
control module 114 may reference priorities assigned to cards
and/or to tasks to determine whether the switching should
occur right away, or after in progress activity 1s completed. It
1s contemplated that priority may be assigned in a variety of
ways such as on the basis of the task being performed, the type
of card or device, the particular application using the card,
and so forth. For example, a network card device may be
assigned a higher priority than a memory card. An entertain-
ment application 116 such as a multimedia player may be
assigned a lower priority than a system application 116 such
as a program 1installer even if they access the same memory
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card 106. Further, these priorities may be set by default and/or
may be configurable such as by an administrator, a user and so
forth.

When the 1n progress task 1s highest 1n priority, the 1n
progress task 1s completed (block 512) prior to switching to
the deselected task. When the task 1s completed, the circuit 1s
set to select the deselected card (block 308) as previously
described. However, when the deselected card task has the
highest 1n priority, then the in progress task 1s terminated
(block 514). To prevent adverse results such as corrupted
data, the termination may occur at a clean or logical stopping
point such as after transfer of a current block of data. Option-
ally, a “busy” alert message may be formed and/or commu-
nicated to the selected card (the active card) or associated
application (block 516). For instance, the application operat-
ing a memory card 106(1) may be alerted or 1n the case of a
SDIO device 108(1) being the currently selected card, the
SDIO device may be alerted. Then, the circuit 1s set to select
the deselected card (block 508) as previously described.

Optionally, the current in progress task (e.g., ol the selected
card) may always be completed first and/or be assigned a
higher priority and thus the priority determination may be
omitted. In this implementation, when there 1s an 1n progress
task determined (block 506), the task 1s completed (block

512) and then the circuit 1s set to select the deselected card
(block 508).

Exemplary System

Retferring to FIG. 6, a block diagram of an exemplary
implementation 600 of an electronic system 1s depicted that
may include one or more circuits 110 with multiplex 210
portion operable to connect to and select between a plurality
of SD cards and having interrupt isolation 212 portions to
1solate SDIO device 108(#) interrupts 1n accordance with the
principles described herein. Such an electronic system may
comprise a computer system that includes a processing unit
602 which 1s electrically coupled to various components 1n
clectronic system 600 via a system bus 604. System bus 604
may be a single bus or any combination of busses. A variety of
clectronic systems are contemplated including but not limited
to mobile phones, handheld computing devices, digital cam-
eras, multimedia players, laptops, digital media recording
devices, personal computers, printers and so forth. The pro-
cessing unit 602 may be configured 1n variety of ways such as
a general purpose processing unit, a chipset, a microcontrol-
ler, and so forth. Additionally, a host controller 104 may be
connected to the system 600 via the bus 604. The host con-
troller 104 1s operable to simultaneously connect a plurality
of SD cards including SD memory 106(7) and SDIO device
108(n) via a single bus. The host controller 104 1s configured
to employ circuits 110 having previously described interrupt
1solation 212 portions to 1solate interrupts of SDIO devices
108(2) when connected via the host controller 104.

Further, the electronic system 600 may also include a one
or more mput/output devices 606 which may include but are
not limited to a display device, speakers, akeyboard, amouse,
a trackball, a game controller, a microphone, a voice-recog-
nition device, or any other device that inputs and outputs
information 1n the electronic system 600. The 1input devices
606 may be operably coupled to the bus 604 to provide
iputs/outputs for interaction of a user with the system 600,
such as to direct a processor 608 and/or one or more applica-
tion modules executable on the processor 608, and to output
results.

Processing unit 602 can include, among other components,
one or more processors 608, memory 610 which may be a
“main memory” of the host device, configured as dynamic
random access memory (DRAM) or other suitable memory, a



US 7,587,544 B2

11

graphics processor 612 or a digital signal processor 614,
and/or a custom circuit or an application-specific integrated
circuit 616, such as a communications circuit for use 1n wire-
less devices such as cellular telephones, pagers, portable
computers, two-way radios, and similar electronic systems 5
and a flash memory device 618. Processing unit 602 may also
include an imbedded host controller 104 constructed 1n accor-
dance with the described techniques, which 1s associated with
the processing unit 602 and/or components of the processing,
unit 602, such as an embedded controller circuit. 10
The electronic system 600 may also include an external
memory 620 that 1n turn 1includes one or more memory ele-
ments suitable to the particular application, such as a main
memory 622 in the form of random access memory (RAM),
one or more hard drives 624, and/or one or more drives that 15
handle removable media 626, such as floppy diskettes, com-
pact disks (CDs) and digital video disks (DVDs). In addition,

such external memory may also include a flash memory
device 628.

Conclusion 20
Although the mmvention has been described in language
specific to structural features and/or methodological acts, 1t 1s
to be understood that the invention defined 1n the appended
claims 1s notnecessarily limited to the specific features or acts
described. Rather, the specific features and acts are disclosed 25
as exemplary

What 1s claimed 1s:

1. An apparatus comprising:
a plurality of secure digital input output (SDIO) device 3¢
card slots, wherein an SDIO card slot comprises a slot
capable of 1solating interrupts when the associated card

1s deselected;

a bus of a host controller to simultaneously connect a
plurality of expansion cards to a host device via the 35
plurality of SDIO device card slots, wherein the plurality
of expansion cards includes at least a secure digital (SD)
memory card and a secure digital input output (SDIO)
device;

a multiplex portion which 1s operable to select one of the 40
plurality of expansion cards such that the host device
may interact with the selected card via the host control-
ler, wherein the multiplex portion:
includes one or more switches operable to select one of

the multiplexed expansion cards; and 45
1s configured to multiplex between the host controller
and the plurality of expansion cards via a clock pin:
an 1nterrupt 1solation portion of the host controller config-
ured to:
connect an interrupt signal associated with at least one >
expansion card via the bus when the expansion card 1s
selected; and

1solate the interrupt signal from the bus when the at least
one expansion card 1s deselected;

when the SD memory card 1s selected:

the interrupt signal of the SDIO device 1s routed via a
general purpose 1nput output (GPIO) pin of the host
device, wherein the GPIO pin of the host device 1s
1solated from the host controller; and

the interrupt 1solation portion of the host controller asso-
ciated with an SDIO device card slot employed to
connect the SD memory card 1s deactivated; and
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when the SDIO device i1s selected the interrupt signal 1s

routed via a data pin of the host controller.

2. An apparatus as 1n claim 1, wherein the secure digital
input output (SDIO) devices are selected from the group
consisting of a network interface, a wireless interface, a
modem, global positioning satellite (GPS) device, a televi-
s1on tuner, speakers, a printer, a camera, a scanner, a voice
recorder, and a projector.

3. An apparatus as 1n claim 1, wherein:

the mterrupt signal is to be communicated via a data pin of

a corresponding said expansion card; and

the interrupt isolation portion includes one or more

switches operable to:

route the interrupt signal from the data pin to a corre-
sponding data pin of the host controller when the
corresponding said expansion card 1s selected; and

route the interrupt signal from the data pin on a path
1solated from the corresponding data pin of the host
controller when the corresponding said expansion
card 1s deselected.

4. An apparatus as described 1n claim 3, wherein:

when the corresponding said expansion card 1s selected,

the interrupt signal 1s to be monitored via the corre-
sponding data pin of the host controller; and

when the corresponding said expansion card 1s deselected,

the interrupt signal 1s to be monitored via the 1solated
path such that the occurrence of an mterrupt when the
corresponding said expansion card 1s deselected does
not interfere with communication between the host con-
troller and a selected said expansion card via the corre-
sponding data pin of the host controller.

5. An apparatus as described in claim 1, wherein the host
controller 1s embedded 1n a microcontroller of the host
device.

6. An apparatus as described 1n claim 1, wherein the inter-
rupt 1solation portion 1s to route the interrupt signal of an
expansion card such that the iterrupt signal 1s to be moni-
tored via the bus when the expansion card 1s selected and via
a signal path distinct from the bus when the expansion card 1s
deselected.

7. An apparatus as described in claim 1, wherein the host
controller 1s to connect a selected expansion card to a system
bus of the host device to permit interaction of the host device
with the selected card.

8. An apparatus as described in claim 1, wherein the inter-
rupt 1solation portion 1s to selectably switch the interrupt
signal between a data pin of the host controller when the card
1s selected and a general purpose mput output pin (GPIO) of
the host device when the card 1s deselected.

9. An apparatus as described 1n claim 1, wherein:

the plurality of expansion cards includes at least two secure

digital input output (SDIO) devices simultaneously con-
nected to the host device via the bus; and

the interrupt signal of each SDIO device 1s routed via a data

pin of the host controller when the corresponding SDIO
device 1s selected and 1s 1solated from the bus when the
corresponding SDIO device 1s deselected.

10. An apparatus as described in claim 1, wherein the
interrupt signals are transmitted via a data pin of the at least
one expansion card which correspond to a data pin of the host
controller.
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